A modification of the Ciaglia multiple-dilator method for percutaneous tracheostomy using both a fibreoptic bronchoscope and laryngeal mask airway to visualise the upper airway, so as to aid in safer placement, is described.
Percutaneous tracheostomy is increasing in popularity as a method of securing the airway in long-term ICU patients. It is not, however, without serious morbidity and mortality. In our centre it is held that visualisation of the trachea during the procedure using a fibreoptic bronchoscope reduces the incidence of critical events. The standard technique involves withdrawing the patient's endotracheal tube under direct vision until the cuff is just visible at the vocal cords. In practice this may result in several problems. There is often a considerable leak around the cuff and accidental extubation may occur. The tip of the endotracheal tube may still lie under the first or second tracheal rings, making it difficult to assess the exact level of entry of the tracheostomy dilators into the trachea. This may result in impaling of the endotracheal tube and bronchoscope or insertion of the tracheostomy too high or too low.
We have found that removing the endotracheal tube and replacing it with a laryngeal mask airway not only allows better visualisation of the whole larynx, but also provides a more secure airway and, in many patients, achieves better patient ventilation.
We present the first nine patients requiring tracheostomy subsequent to the introduction of this technique.
METHOD
Formal consent was obtained from the patients' legal guardians for percutaneous tracheostomy. I All patients *F.R.C.Anaes.
were fasted for four hours preoperatively. All patients were fully monitored according to accepted monitoring standards using ECG, pulse oximetry and invasive blood pressure. In addition, peak inspiratory pressure in the proximal airway and expired tidal volumes were noted. Baseline readings were taken when there was no leak present around the endotracheal tube, and then at the following times during the procedure: on introducing the bronchoscope into the endotracheal tube; on placing the laryngeal mask; on introducing the bronchoscope into the larynx; on insertion of the catheter into the trachea; on introduction of each of the seven dilators into the trachea and finally after the tracheostomy tube had been placed.
All patients were anaesthetised with a propofol infusion and paralysed with vecuronium for the procedure. The ventilator was set to deliver 1000/0 oxygen. The stomach was aspirated via a nasogastric tube. The nasogastric tube was not removed in the case of the first patient. This patient had an audible leak around the laryngeal mask throughout the procedure. In all subsequent patients the nasogastric tube was removed prior to insertion of the laryngeal mask.
The endotracheal tube was removed and replaced with an appropriately sized laryngeal mask. A fibreoptic bronchoscope was inserted through the laryngeal mask and used to view the larynx, vocal cords and trachea throughout the procedure. The percutaneous dilatational tracheostomy was placed using the multiple-dilator method described by Ciaglia. 2 
RESULTS
The technique worked well in five patients, with only modest rises in airway pressures during the procedure and well maintained tidal volumes (Figures 1 and 2 with the possible exception of the first patient, in whom the nasogastric tube was left in place. In this patient there was a significant loss of inspired volume due to an audible leak around the laryngeal mask airway. The use of the fibreoptic bronchoscope allowed accurate positioning of the catheter into the midline of the trachea (Figures 3, 4, 5 ). In one of these patients the use of the fibreoptic bronchoscope allowed the visualisation of the guide wire running sub-mucosally within the posterior tracheal wall prior to the use of the tracheal dilators. This allowed the wire to be withdrawn into the lumen of the trachea and preventing a serious complication. None of these five patients developed any significant complications and the procedures were otherwise uneventful. The modified technique was deemed unsuitable in four patients. One patient had an unstable C6 fracture and it was felt that a surgical tracheostomy was preferable. In the other three patients the vocal cords and larynx were noted to be oedematous at bronchoscopy. In these patients when the bronchoscope was passed through the laryngeal mask into the trachea there was a rise in proximal airway pressure and a marked fall in the expired tidal volume from the set inspiratory volume, suggesting obstruction and poor ventilation. One of these patients underwent surgical tracheostomy, the other two proceeded to percutaneous tracheostomy using an endotracheal tube. In comparison with the patients where the laryngeal mask was used, these patients had higher airway pressure rises during the procedure ( Figure 6 ) and poorer maintenance of tidal volumes (Figure 7) . One patient developed a pneumothorax after the procedure.
DISCUSSION
Percutaneous tracheostomy is regarded as a popular technique, with considerable savings both in time and resources, but is not without complications. These include bleeding (which may be torrential), surgical emphysema, pneumothorax and pneumomediastinum, including tension pneumothorax, incorrect placement of dilators, causing damage to mediastinal structures, blocked tracheostomy tube with ball-valve effect, infection, as well as minor problems with cuff leaks. 3 The use of a fibreoptic bronchoscope may reduce the incidence of these complications by ensuring that all instrumentation enters the trachea centrally and that no damage is caused to the posterior tracheal wall during the procedure. 4 However, the use of a fibreoptic bronchoscope does increase the time taken to perform the tracheostomy and will alter inflation pressures and pressures within the trachea distal to the broncho- 
ET ET +B LM LM+B OIL 1 OIL 2 OIL 3 OIL 4 OIL 5 DilL 6 OIL 7 n scope. 4 In our series, the laryngeal mask airway provided an effective method of ventilation, with minimal leak around the cuff, provided that the nasogastric tube had been removed. Our patient group did not include any patients requiring high inflation pressures. Such patients may prove unsuitable for ventilation with a laryngeal mask airway due to an excessive air leak around the cuff.
Loss of the airway during the procedure has not occurred since we adopted the use of the laryngeal mask airway to secure the airway. This contrasts with extreme proximal placement of the endotracheal tube which risks loss of the airway by displacement of the endotracheal tube due to movement of the neck or during use of the bronchoscope. Placement of the endotracheal tube too distally risks puncture of the cuff during localisation of the trachea.
There is still discussion of the best site of entry into the trachea. Higher placement between the cricoid and the first tracheal ring is simpler than placement below the first ring, but such placement may be associated with troublesome stenoses 5 and vocal changes. 6 Placement too low in the trachea may lead to the tracheostomy entering one of the main bronchi, or can cause bleeding from the thyroid vessels or the innominate vein. We have found that the laryngeal mask allows identification of all the important landmarks and more accurate determination of the site of entry into the trachea. Our experience suggests that this is not always possible using a blind technique or by using a fibreoptic bronchoscope via an endotracheal tube.
CONCLUSION
This combination of established techniques has a number of distinct advantages:·?·9 Using a fibreoptic bronchoscope, each step in the technique can be Anaesthesia and Intensive Care, Vol. 22, No. I, February, 1994 checked to ensure no damage has occurred to the posterior tracheal wall and that wires and dilators are correctly positioned. The use of a laryngeal mask as opposed to an endotracheal tube allows identification of the important landmarks within the larynx and trachea with certainty, thus allowing exact positioning of the tracheal puncture. The wider bore of the laryngeal mask and its seating within the pharynx allow better ventilation and provide a more stable airway than an endotracheal tube provided that there is no significant obstruction to ventilation at or below the vocal cords.
